The concentrations of phosphorus, nitrogen, and other nutritive elements in lakes, bays and inland seas are increased because domestic waste water, the second-step treated water from sewage treatment facilities, and the industrial waste water from some plants flow continuously into them. As a result, the waters are eutrophicated and the water quality is lowered, which results in unpalatable drinking water, red lakes, and various other problems. In typical cases, phosphorus acts as an accelerating substance for
In the present study, the adsorption equilibrium and the adsorption rate of phosphate to activated carbon are examined to obtain basic data on the adsorption-removal treatment of phosphate-containing waste water by activated carbon. The phosphate concentrations were adjusted within the range of those in the first-or the second-step treated water8). The adsorbates used are H3PO4, NaH2PO4, KH2PO4, and H6P4O13, which have been reported to be contained in these types of treated water9).
In addition, the relationships of the pore size distribution of activated carbon to the amount of adsorbate adsorbed and the intraparticle diffusivity are clarified. 1 and NaH2PO4, and with hydrochloric acid or potassium hydroxide for KH2PO4. The initial concentra-
The results are shown in Fig. 5 . The amount adsorbed was the greatest in the weak acid range of pH 5 -6 . The intraparticle diffusivity (D1') can be calculated by the following equations. by Equation (3); W is the weight of the adsorbent; f is the coefficient in the Freundlich equation; V is the volume of the solution; n is the exponent in the Freundlich equation; k is the rate constant; R is the radius of adsorbent particles; t is the elapsed time. The relationship between E, a, and kt has been presented14). Since E and a can be calculated by substituting measured values in Equations (2) and (3). kt is determined from the graph of E and kt for the various values of a14). The relation between kt and t thus determined is shown in Figs. 10-13. Since k is expressed as the gradient of the straight lines, D1' can be calculated by Equation (4). The values of D1' are listed in in the present examination on the isotherm were in the concentration range of the first-and the secondstep treated water. In every adsorbate examined, the amount adsorbed on activated carbon No. 3 was greater than that adsorbed to the other activated carbons in the phosphate concentration range of the first-step treated water. For activated carbon No. 2, on the other hand, the amount of each adsorbate adsorbed was greater than that for the other activated carbon samples in the phosphate concentration range of the second-step treated water. These results show that activated carbons No. 3 and No. 2 are the most suitable adsorbents for phosphate removal from the first-and the second-step treated water, respectively.
The amounts of NaH2PO4 and KH2PO4 adsorbed were 1/3-3/5 of those of H3PO4 over the entire range of phosphate concentration, except for the experimental runs with activated carbon No. 4. It was reported that the amount of phosphate adsorbed on hydroxyapatite is increased by adding Na+ or K+6).
The present results, on the other hand, show that the amount of phosphate adsorbed on activated carbon tion of H3PO4 on activated carbon. Fig. 11 Relationships between kt and t for adsorption of NaH2PO4 on activated carbon. The relation between pore size distribution and adsorption capacity in the higher concentration range is discussed below. No correlation was observed between the amount adsorbed and the pore vol- sequence as the adsorption proceeded22).
It is also suggested that adsorption takes place in small pores when the concentration is low and that it is accelerated in larger pores after the smaller ones are saturated as the concentration increases.
It can be concluded from these findings that H3PO4, NaH2PO4, and KH2PO4 are first adsorbed into
The amount of dodecylbenzenesulfonate adsorbed on activated carbon is sharply increased at pH 2.7-3.7, which is larger than the pKa value of dodecylbenzenesulfonate by a figure of 2-323). It is also suggested that the amount adsorbed undergoes a change at a pH value larger by a figure of about 2 than amount of phosphate adsorbed comes to its greatest value at pH 1-4 for adsorbents such as synthetic aluminium silicate5) and ion exchange resin7). The adsorption of phosphate is enhanced at pH 1-4 in still other types of adsorbents7, 25, 26) . The differences in the pH values suitable for phosphate adsorption onto activated carbon and those for other adsorbents are considered to arise from the differences in adsorption mechanisms. Since the pH value of the first-and second-step treated water is in the region of 5-727,28), activated carbon No. 2 can effectively adsorb and remove phosphate in the waste water. 4 Rate of adsorption Since the adsorption rate is slower in liquid phase adsorption than with gas phase adsorption, one should select the adsorbent after adequately understanding its adsorption properties in the subject system. The adsorption mechanism of porous adsorbents such as activated carbon has been considered to consist of the following four steps: (1) diffusion of adsorbate through the liquid toward the adsorbent surface, (2) diffusion of adsorbate in the boundary layer over the adsorbent layer, (3) diffusion of adsorbate in the pores within the adsorbent, and (4) adsorption reaction29). The rates of steps (1) and (4) are higher than those of step (2) and step (3) . The influence of step (2) can be eliminated by adequate stirring, and step (3) acts as the rate-determining process in such a case. Thus, the adsorption rate can be analyzed on the basis of the conditions of rate-determination by intraparticle diffusivity. The intraparticle diffusivity serves as an important index when the batch adsorption method is switched to the column method. The diffusion cmcm2/sec, respectively30). The values of D1' are 1/100-1/5 of the diffusion coefficient of phosphate in water. With activated carbon, the D1' values of phosphate are 100-10,000 times as large as those of methylene blue and sodium dodecylbenzene sulfonates31). This is due to the fact that the molecular size of phosphate is smaller than that of sodium dodecylbenzene sulfonate and methylene blue. The fact that Relation between intraparticle diffusivity and pore size distribution
The relation of D1' to pore size distribution was examined and it was found that there was a
